Nuclear factor-kappa B (NF-jB) as a prognostic marker remains unclear in non-small cell lung cancer (NSCLC). Here, we studied NF-jB-p65 (p65) expression and phosphorylated NF-jB-p105 (p-p105) expression in NSCLC and correlated the finding with overall survival (OS) and clinicopathological features. A total of 186 archival samples from patients with surgically resectable NSCLC were probed with p65 and p-p105 (Ser 932). The p65-positive expression and p-p105-positive expression were defined as distinct nuclear p65 and cytoplasmic p-p105 labelling in at least 1% of tumour cells, respectively. The positive staining of p65 alone, p-p105 alone and co-expression of p65 and p-p105 were observed in 61 (32.8%), 90 (48.4%) and 35 (18.8%) patients, respectively. Co-expression of p65 and p-p105 but not of either p65 or p-p105 alone was associated with a poor prognosis. Patients with co-expression of p65 and p-p105 had a shorter OS than others, median OS 26.5 months versus 64.1 months, HR 1.85 (95% CI: 1.18-2.91), P = 0.007. There was no statistically significant association between clinicopathological characteristics and either p65 or p-p105 alone or co-expression of p65 and p-p105. This indicates that co-expression of p65 and p-p105 was a poor prognostic factor, and pathologic studies of NF-jB expression could include multiple pathway components in NSCLC.
Introduction
Nuclear factor-kappa B (NF-jB) was initially discovered as a transcription factor in the nucleus of B cells that binds to the enhancer of the immunoglobulin kappa light chain gene, and has since been shown to be expressed ubiquitously in the cytoplasm of all types of cells. NF-jB transcription complexes form a variety of homo-and heterodimers consisting of the subunits NF-jB1 (p50 and its precursor p105), NF-jB2 (p52 and its precursor p100), RelA (p65), RelB and cRel. Through various combinations of subunits, the Rel protein family members can form up to 15 different dimers. Among them, the p50/ 65 heterodimer is the most abundant of Rel dimer, being found in almost all cell types [1, 2] .
The NF-jB signalling pathways can be divided into canonical and non-canonical pathways. In the canonical pathway, I kappa B kinase (IKK) phosphorylates I kappa Ba (IjBa) at two N-terminal serines, triggering its ubiquitination and proteasomal degradation. This leads to the nuclear translocation of the NF-jB complexes, predominantly p50/p65 and p50/c-Rel dimers. The non-canonical NF-jB pathway involves different signalling molecules and leads to the activation of the p52/RelB dimer [1, 2] .
A large body of in vitro evidence supports NF-jB as an important player in the development and progression of malignant cancers. NF-jB targets genes that promote tumour cell proliferation, survival, metastasis, inflammation, invasion, angiogenesis and resistance to chemo-and radiotherapy [2] . Constitutive or aberrant activation of NF-jB is frequently encountered in lung cancer [3] [4] [5] . However, a limited number of clinical studies had reported various degree of NF-jB expression detected by IHC in lung cancers ranging from about 10% to 67%, reviewed by Wu [6] . The same series of studies have correlated NF-jB expression with clinicopathological characteristics and survival, but the results have been inconsistent. In addition, in most studies, pathologic studies of NF-jB expression were detected by assaying for single components of the NF-jB pathway, and using different anti-NF-jB subunit antibody clones, judgement criteria and cut-off values for assessing NF-jB expression were used in the various studies [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . Actually, different NF-jB dimers may have different functions, especially the p50-p50 homodimer, which lacks a transactivation domain in the C-termini and has no intrinsic ability to activate transcription. There is evidence that the p50-p50 homodimer can act as a transcriptional repressor when binding jB elements [1, [16] [17] [18] .
To address the above issues, we investigated the expression of p65 and p-p105 in patients with surgically resectable NSCLC and the association between clinicopathological characteristics, overall survival and the expression of p65 and p-p105.
Patients and methods

Patients
Primary tumour samples were from archives of patients with surgically resectable and pathological confirmed NSCLC at the Fujian Cancer Hospital in China between January 2008 and December 2010. None of the patient had prior anticancer therapies. The clinicopathological information of patients was collected from the clinical records and pathology reports. The pathological TNM stage was reassigned according to the 8th TNM staging [19] , and lung tumour histology was reclassified according to the 2015 World Health Organization (WHO) classification for lung tumours [20] . The study design was approved by the Ethical Committee of Fujian Cancer Hospital, and written informed consent was obtained from all patients (Number: SQ2017-015-01).
NF-jB-p65 and p-p105 immunohistochemistry
Immunohistochemistry detection of NF-jB-p65 (D14E12, Code #8242, CST) and p-NF-jB-p105 (Rabbit monoclonal against Ser933, Code 178F3, CST) was carried out as previously described [21, 22] . NF-jBp65 activation in tumour cells was determined by distinct nuclear immunostaining in at least 1% of tumour cells. NF-jB-p105 activation in tumour cells was defined by distinct membranous or cytoplasmic immunostaining in at least 1% of tumour cells. Each assay contained positive and negative controls along with a negative isotype-matched antibody control for each sample. Two board-certified pathologists (CL and DH) independently evaluated all stained slides. The discordant cases were reviewed to reach a final consensus classification.
Statistical analysis
Expression of p65, p-p105 and co-expression of p65 and p-p105 were compared in subgroups based on age, gender, smoking status, histology, TNM stage or lymphatic vascular invasion using the binary logistic analysis. Adjustments were made for above-mentioned factors in multivariate binary logistic analysis.
Overall survival (OS) was defined as the time from the date of diagnosis to the date of death or last follow-up. The Kaplan-Meier method and a log-rank test were used for univariate survival analysis. Survival rate correlation with age, gender, smoking status, histology, TNM stage, p65 expression, p-p105 expression and co-expression of p65 and p-p105 was estimated by the Kaplan-Meier method, and survival curves were compared with the log-rank test. Cox proportional hazard models were used for multivariate survival analysis that controlled for the above factors in the univariate survival analysis, and the hazard ratio (HR) and 95% confidence interval (CI) were estimated.
Statistical analyses were performed using SPSS 16.0 software (SPSS China, China). All tests were two-sided. Statistical significance was set at P < 0.05.
Results
Patient characteristics
A total of 186 patients were eligible for the study, and their characteristics were summarized in Table 1 . Median age at diagnosis was 55 years (range, 34-78 years), and the ECOG performance status was 0 in all patients. Adenocarcinoma and squamous carcinoma were the major histologic subtypes, accounting for 97 of 186 (55.3%) and 75 of 186 (40.3%), respectively. In this study, we also collected 11 adenosquamous carcinoma and other uncommon pathological types including one sarcomatoid carcinoma, one mucoepidermoid cancer and one lymphoepithelioma-like cancer ( Table 1) .
The p65 expression and p-p105 expression and correlation with clinicopathological characteristics
We first examined p65 expression and p-p105 expression in normal lung areas adjacent to surgically resected tumour samples. In bronchial and alveolar epithelium, p65 exhibited low or moderate cytoplasmic expression. In tumours, both of p65 and p-p105 subunits were highly expressed relative to normal areas. The p65 displayed both a nuclear and cytoplasmic expression patterns in areas of tumour cells. However, p-p105 nuclear immunostaining was seldom observed (only in three patients) in tumour areas. In addition, p-p105 expression showed more uniform distribution than p65 expression, which was dispersed within the tumour area in some cases. Representative images of p65 and p-p105 IHC staining are shown in Figure 1 . Furthermore, in our study, there was no linear relationship between p65 expression and p-p50 expression in tumour cells, and p65 expression and p-p50 expression were highly discordant in some cases and show a near mutual exclusion (Fig. 2) .
The p65-positive staining and p-p105-positive staining were observed in 61 of 186 (32.8%) and 90 of 186 (48.4%) of the patients' tumours, respectively. In the present study, we found 35 (18.8%) tumours with co-expression of p65 and p-p105, 26 (14.0%) with p65-positive expression alone, 55 (29.6%) with p-p105-positive expression alone and 70 (37.6%) that were both p65 negative and p-p105 negative in this population. The co-expression of p65 and p-p105 or the expression of either p65 or p-p105 alone was correlated with the clinicopathological characteristics by univariate analysis (Table 1) . There was no statistically significant association between co-expression of p65 and p-p105 or p65/p-p105 alone and gender, age, smoking status, histology, lymphatic vascular invasion and TNM stage in the univariate analysis (Table 1) .
Prognostic value of p65 expression and p-p105 expression
Survival data in this study were censored on 07 January 2017. The median follow-up time was 48.9 months (m) (range: 1.1-104.5 m), and 104 patients had cancer-related death.
The unadjusted survival curves show a statistically significant association between TNM stage, lymphatic vascular invasion, coexpression of p65 and p-p105 and survival. Patients with co-expression of p65 and p-p105 had a shorter OS than others, median OS 26.5 months (95% CI: 6.15-46.9) versus 64.1 months (95% CI: 57.7-70.6), HR 1.85 (95% CI: 1.18-2.91), P = 0.007 (Fig. 3 , Table 2 ). However, neither expression of p65 alone nor expression of p-p105 alone was an independent prognostic factor.
Setting TNM stage as a stratification factor (Stage I versus Stage II versus Stage III), co-expression of p65 and p-p105 was still associated with overall survival in the population, P = 0.003 (Fig. 3E-G) . In the multivariate Cox regression analysis, tumour stage, co-expression of p65 and p-p105, age, smoking status and lymphatic vascular invasion were shown to be significantly associated with OS after controlling for covariates ( Table 2) .
Discussion
In the NF-jB pathway, the p50/65 heterodimer obviously represents the most abundant of Rel dimmers. In this study, we studied expression of p65 and p-p105 (precursor p50) in 186 patients with resectable NSCLC and found that co-expression of p65 and p-p105 but not p65 or p-p105 alone was an independent prognosis biomarker. To our knowledge, this is the first attempt to link both p65 and p-p105 with the outcome of NSCLC patients.
We noticed that some clinical studies reporting NF-jB expression detected by IHC that they correlated with clinicopathological characteristics and/or survival in lung cancers had conflicting results; summarized in Table 3 [7] [8] [9] [10] [11] [12] [13] [14] [15] . The Rel protein family members can form up to 15 different dimers through combinatorial associations, and various antibodies for different key NF-jB pathway components, such as p65, p105, IjBa and IKKa/b, were used for the evaluation of NFjB expression in the different studies [6] . One of interpretation of discrepancy between study results could be different NF-jB subunit antibodies and judgement criteria when comparing the experimental positives used in the different studies.
Of those NF-jB pathway components, p65 has been the most studied in the field of lung cancer. Recently, a systematic review showed that expression of NF-jB, which was mainly focused on p65, was associated with worse survival in most solid tumours [6] . However, two large studies found that p65 expression was not associated with overall survival in NSCLC irrespective of NF-jB localization, which is consistent with our finding [9, 12] . From a mechanistic perspective, nuclear expression is considered an active marker of NF-jB, whereas cytoplasmic localization of NF-jB is generally thought to indicate inactivation of the pathway. However, the situation is actually more complex. The crystal structure of IjBa when bound to the p65/ p50 heterodimer reveals that the IjBa protein masks only the nuclear localization sequence (NLS) of p65, whereas the NLS of p50 remains exposed. The exposed NLS of p50 coupled with the nuclear export sequences in IjBa and p65 leads to constant shuttling of IjBa/NF-jB complexes between the nucleus and the cytoplasm, despite steadystate localization that appears almost exclusively cytosolic [1] . Therefore, it is not completely reliable to justify NF-jB pathway activation only by nuclear p65 expression.
There have been studies that attempted to evaluate the prognostic value of p105/p50 in NSCLC. A study, with a small sample size, found overexpression of p50 to indicate an unfavourable overall survival [15] . However, in a study that included 335 patients with NSCLC, AlSaad et al. [14] found that p-p105 expression, detected by assaying for p-p105 (Ser933) (CST 178F3, Rabbit mAb), was a favourable independent prognostic indicators for survival. The IjB/NF-jB precursor protein p105 undergoes processing via the proteasome to yield p50. Multiple reports have demonstrated that IKKb-dependent phosphorylation of the C-terminal region of p105 at Ser933 (in human p105) leads to complete degradation of the protein [1, 17] . In this study, we used the same antibody assay as the Al-Saad study; however, our study did not confirm the above finding. Actually, the p50 proteins, which lack a transactivation domain in the C-termini, have no intrinsic ability to activate transcription, and evidence showed that the p50-p50 homodimer can act as transcriptional repressors when binding jB elements [1, [16] [17] [18] . Therefore, it may also be unable to safely justify activate transcription by active p50 overexpression alone.
Taken together, the above findings strongly suggest pathologic studies of NF-jB expression in NSCLC may need to include multiple pathway components. In this study, we found that co-expression of p65 and p-p105 but not p65 or p-p105 alone was confirmed to be associated with a poor prognosis. Similar results were obtained in other studies. Two separate studies showed that composite application of multiple biomarkers (both nuclear p65 expression and p-IjB-a expression) independently predicts poorer prognosis in NSCLC patients [10, 11] . Strikingly, co-expression of p65 and p-p105 was a strong predictor of overall survival, particularly in stage I, despite the limitation in the small number of patients with co-expression of p65 and p-p105. A prospective study in a larger population that will include early-stage patients will be carried out in the future.
In conclusion, our study showed co-expression of p65 and p-p105 but not p65 or p-p105 alone was a poor prognostic indicator of survival outcome in early-stage NSCLC, which indicated pathologic studies of NF-jB expression in NSCLC may need to include multiple pathway components.
